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Access to validated stimuli depicting children’s facial expressions is useful for different
research domains (e.g., developmental, cognitive or social psychology). Yet, such data-
bases are scarce in comparison to others portraying adult models, and validation proce-
dures are typically restricted to emotional recognition accuracy. This work presents
subjective ratings for a sub-set of 283 photographs selected from the Child Affective Facial
Expression set (CAFE [1]). Extending beyond the original emotion recognition accuracy
norms [2], our main goal was to validate this database across eight subjective dimensions
related to the model (e.g., attractiveness, familiarity) or the specific facial expression (e.g.,
intensity, genuineness), using a sample from a different nationality (N = 450 Portuguese par-
ticipants). We also assessed emotion recognition (forced-choice task with seven options:
anger, disgust, fear, happiness, sadness, surprise and neutral). Overall results show that
most photographs were rated as highly clear, genuine and intense facial expressions. The
models were rated as both moderately familiar and likely to belong to the in-group, obtaining
high attractiveness and arousal ratings. Results also showed that, similarly to the original
study, the facial expressions were accurately recognized. Normative and raw data are avail-
able as supplementary material at https://osf.io/mjqfx/.
Introduction
Children communicate positive and negative emotions through multiple channels, namely:
vocalizations, gestures, body postures, body movements and facial expressions (for a review,
see [3]). Traditionally, research has focused on the latter. Not only do facial expressions signal
the children’s emotional state, but they can also evoke behavioral motives (e.g., motivation to
nurture) in the observers (for a review, see [4]). Importantly, parent-child interaction and
parental mental health may be predicted by how accurately the children’s emotional expres-
sion is perceived (for a review, see [5]).
The availability of validated children’s facial expressions databases is important for several
research domains. However, in contrast to databases depicting adult models, such databases
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are still scarce and usually are only validated for the accuracy of emotional recognition. The
goal of the current work was to extend the available norms for the Child Affective Facial
Expression (CAFE; [2]), a database that exclusively includes photographs depicting facial
expressions of children. Besides emotion recognition, for each stimulus, we also assessed a set
of eight subjective evaluative dimensions concerning the model (familiarity, attractiveness,
arousal, and in-group belonging) and the expression (valence, clarity, intensity, and genuine-
ness) being portrayed. These additional subjective ratings provide important information that
further extends the usefulness of the stimuli set. Specifically, it enables the selection of stimuli
through a combination of criteria (e.g., happy faces controlled for attractiveness; fear faces
varying in intensity).
Static human face stimuli are the most frequently used type of material in emotion recogni-
tion and detection studies, and have been relying on both behavioral (e.g., forced-choice label-
ing of emotions; matching task) and non-behavioral methodologies (e.g., functional and
structural MRI, EEG; for a review, see [6]).
In studies with children populations these materials are often used to investigate how (and
at what age) children are able to understand and identify emotional faces (e.g., [7], for reviews,
see [8,9]), or to characterize their affective reactions to emotional facial expressions (e.g., [10]).
Importantly, children who are better at recognizing emotions in others also tend to be success-
ful in several socioemotional areas (e.g., greater cooperation and assertion reported by parents,
greater social competence reported by teachers, higher liking by peers, for a review, see [11]).
Congruently, a wide range of child psychiatric disorders are associated to impairments in facial
emotion recognition, which are likely to negatively affect family and peer relationships (for a
review, see [12]). For example, children with bipolar disorder or severe mood deregulation
show deficits in labeling emotions—particularly negative emotions such as fear or anger—dis-
played by adult or child models [13]. This lower performance in emotion recognition tasks
was also detected for abused or maltreated children (e.g., [14–16], for a review, see [17]).
Studies with children participants have frequently used facial expression databases depict-
ing adults. For example, Barnard-Brak, Abby, Richman and Chesnut [18] have recently vali-
dated a sub-set of the NimStim [19] with a sample of very young children (2–6 years old), and
showed that they can accurately label photographs of adults depicting happiness, sadness,
anger and fear. Other studies used these materials to investigate whether the findings demon-
strated with adult participants also generalize to children. For example, LoBue [20] also used
pictures from the NimStim in a study related to emotion detection and showed that children
share the attentional bias for angry faces (i.e., angry faces are detected faster than happy or
neutral faces). A subsequent study using another database depicting adult models (KDEF;
[21]) showed that negative facial expressions impaired children’s working memory to a greater
extent, when compared to neutral and positive expressions [22].
Other studies have been using databases that include stimuli depicting non-adult models
that can either be presented to children or adults. The availability of these databases is impor-
tant for diverse research areas. In particular, these materials allow the use of peer-aged stimuli
in studies with samples of children [23]. For example, a study with young children (3–5 years
old) showed that the previously described attentional bias for angry faces is stronger when pic-
tures of child (vs. adults) models are used [24]. Another important line of research did not
focus on children’s responses, but rather on the behavioral [25,26] or psychophysiological
responses of adults in general, or parents [27–29], to children’s emotional expressions. For
example, Aradhye et al. [4] used photographs of children to examine how different expressions
influence the responsiveness of non-kin young adults and found that smiling children were
rated as more likely to be adopted than crying children. Other studies have even examined
non-normative adult samples (e.g., maltreating parents or parents with psychiatric disorders).
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For instance, mothers with borderline personality disorder (vs. controls) showed an overall
lower performance in recognizing emotion in children—both their own and unknown chil-
dren—and to misinterpret neutral expressions as sadness [30]. Likewise, neglectful mothers
[31] and abusive fathers [32] tend to perceive children’s emotional cues more negatively than
non-maltreating parents.
Photographs of children’s facial expression can also be used to investigate how variables
such as the age of the model influence person [33] or emotion [34] perception. For example, in
a recent study by Griffiths, Penton-Voak, Jarrold, and Munafò [35], children and adult partici-
pants categorized the facial expressions of prototypes of different age groups (created by aver-
aging photographs of individuals of the same gender and age group). Results showed similar
accuracy for both child and adult facial expression prototypes across age groups. Thus, no evi-
dence of own-age advantage emerged in either group of participants. Nevertheless, the age of
the model did interact with other variables, such as gender (for a review, see [36]). For exam-
ple, Parmley and Cunningham [34] showed that adult participants were more accurate to iden-
tify angry expressions displayed by male children than by female children, whereas no sex
differences were detected in the identification of angry expressions displayed by adult models.
Currently, there are plentiful validated databases of facial expressions (for a review, see
[37]). These databases include dynamic (i.e., videos) and static (i.e., pictures) stimuli depicting
human models of different nationalities and cultural backgrounds, expressing a wide range of
facial expressions. However, most databases include only young adults as models [19,21,37–
39]. A few exceptions include adult models of distinct age groups. For example, the Lifespan
Database of Adult Facial Stimuli [40] includes 18 to 93 years old models, and the FACES data-
base [41] includes 19 to 80 years old models. As a consequence of this limited availability of
validated databases depicting models across the lifespan, researchers often have to develop
(and pre-test) new materials. For example, Parmley and Cunningham [34] selected a set of
photographs of adults from existing databases, and complemented it with an original set of
children’s photographs. In Table 1 we present an overview of the databases that include photo-
graphs of facial expressions of children (for dynamic stimuli databases, see for example
[42,43]).
As shown in Table 1, nine databases exclusively with photographs of children’s facial
expressions were recently published. These databases comprise standardized stimuli regarding
graphic features (e.g., size, color, background) that were typically obtained through photo-
shoots in controlled settings (the CIF is an exception, with parents conducting the photoshoot
and photographs processed by the authors). Facial expressions were prompted by employing
different strategies during the photoshoot. For example, the models were exposed to videos
(e.g., CEPS) or coached to imagine situations that would elicit the intended expression (e.g.,
“sitting on chewing gum” for eliciting disgust, DDCF). In other cases, the experience of the sit-
uation actually took place during the shoot (e.g., having infants tasting an unfamiliar food
such as lemon to induce disgust, TIF). Despite these differences, all databases (except TIF and
BIC-Multicolor) include specific emotions like happiness or anger, as well as neutral expres-
sions. The characteristics of the models are also diverse across databases. For example, regard-
ing age, the databases include photographs of infants (e.g., TIF; CIF; BF) or adolescent models
(e.g., NIMH-ChEFS; DDCF). Nonetheless, there is a prevalence of Caucasian models across
the databases (for exceptions, see [52,53]), which may limit the selection of ecologically valid
stimuli in other cultural backgrounds (for a discussion on the implications of the demographic
homogeneity of models, see [53]). Regarding the validation procedure, most studies were con-
ducted with adult participants untrained in emotion recognition (an exception is the NIMH-
ChEFS, which was subsequently validated with children and adolescents [54]), and typically
entailed a forced-choice task to categorize the emotion depicted. In some cases, participants
Subjective ratings and emotional recognition of children’s facial expressions
PLOS ONE | https://doi.org/10.1371/journal.pone.0209644 December 27, 2018 3 / 21
Table 1. Overview of children’s facial expressions databases.
Stimuli Validation Procedure
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1. Facial Valence (Negative to
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42 children (8–12 years
old), 44 teens (13–19 years
old) and 30 adults 20–30
years old;
73 female,
102 White, 15 Non-White
228 participants:
20% children, 20%
teens and 52% adults
75% female,
185 White, 39 Non-
White;
USA
Categorization of the expression
(forced-choice: 4 Emotions + Neutral
+ None of the Above)
Subjective ratings of the expression
(7-point scale):
1. Intensity (Just a little to A lot)
(Continued)
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were also asked to rate the child expression in several evaluative dimensions (e.g., intensity,
clarity, genuineness).
The CAFE [1,2] comprises the largest stimuli set (i.e., 1192 photographs) and is one of the
most diverse databases regarding the race or ethnicity of the models, including Caucasian/
European American, African-American, Latino, Asian, and South Asian children (see
Table 1). The set includes a wide range of facial expressions—happiness, sadness, disgust,
anger, fear, surprise, neutral–, with over 100 photographs per expression (minimum of 103
photographs depicting surprise, and maximum of 230 depicting a neutral expression). Another
advantage of this database is the possibility to select different expressions produced by the
same model. Moreover, although the models were photographed in constant conditions (e.g.,
same off-white background with overhead lighting), they are still depicted in a naturalistic
way. For example, the hairstyle of the children is visible, in contrast with other databases such
as the DDCF, which only shows the facial features and covers hair and ears.
The original CAFE stimuli were photographed by an expert (i.e., trained coder of facial
expressions) and then validated by asking a sample of 100 untrained adult participants to
Table 1. (Continued)
Stimuli Validation Procedure














female; Mage = 33)
50% with children;
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Germany
Categorization of the expression
(forced-choice:
6 Emotions + Neutral + Other)
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Affective response of the participant
while viewing the image (forced
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8 Caucasian, 2 Black, 2
Japanese
119 adults (64%
female Mage = 36);
Brazil
Categorization of the expression
(forced-choice: 5 Emotions + Neutral)
Note. Number of pictures (and corresponding model description) refers to the stimuli used as materials for the validation procedure.
a Database also includes images of adult models.
https://doi.org/10.1371/journal.pone.0209644.t001
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identify the expressions (forced-choice task). As argued by Lobue and Trasher ([2], see also
[19]), the use of untrained participants has the advantage of obtaining emotion recognition
scores of participants who are similar to those who will be recruited in future studies. In the
validation study, the overall accuracy rate was 66%. However, there were significant differences
in accuracy across the seven facial expressions, with pictures depicting happiness obtaining the
highest accuracy scores (85%), followed by surprise (72%), anger and neutral (66%), disgust
(64%), sadness (62%), and fear (42%). These accuracy rates were all significantly different from
each other (except for anger vs. neutral and disgust vs. sadness). Results also showed that emo-
tion recognition accuracy was not systematically influenced by the characteristics of the model
(i.e., sex and race/ethnicity). Regarding the characteristics of the participants, only a significant
effect of sex emerged, such that women raters were more accurate than men at identifying all
facial expressions.
A recent study examined preschoolers’ (3–4 years old) emotional recognition accuracy of a
subset of the CAFE, and revealed strong associations between their ratings and those obtained
in the original validation with adult participants [55]. Further corroborating the usefulness of
this database, since its publication in 2015, the CAFE stimuli have been used as materials in
multiple research domains, such as the neural processing of emotional facial expressions [28],
attentional bias [24], stereotyping [56–59], and morality [60–62].
The racial/ethnic diversity of the models included in the CAFE makes it a particularly useful
database for research in the stereotyping domain, namely to investigate if the racial biases
identified in response to adults of specific social groups (e.g., Blacks) generalize to children of
that same group. For example, in a sequential priming task, adult participants were faster to
identify guns (vs. toys) when preceded by pictures of Black (vs. White) boys, suggesting that
the perceived threat typically associated to Black men generalizes to Black boys [59]. Likewise,
children expected the same negative event (e.g., biting their tongue) to induce less pain when
experienced by Black (vs. White) children, demonstrating that the assumption that Back peo-
ple feel less pain than White people also generalizes to Black children [56]. Importantly, by
including children of different age groups as participants, this latter study also allowed to iden-
tify when such bias emerges in development, given that the effect was only strongly detected
by the age of 10.
Our main goal was to further develop the CAFE database by assessing how the stimuli are
perceived in a set of eight evaluative dimensions. Some of these dimensions require judgments
about the model (i.e., familiarity, attractiveness, arousal, in-group belonging), whereas other
are focused on the expression being displayed (i.e., valence, clarity, intensity and genuineness).
The measures regarding the facial expression have been assessed in other databases of chil-
dren’s expressions (see Table 1). In contrast, the measures that entail judgments about the
model are less common and have been assessed in validations of databases depicting adults
(for a review, see [37]). For example, we included attractiveness ratings because attractive chil-
dren (similar to attractive adults) are more positively perceived (e.g., more intelligent, honest,
pleasant) than less attractive children (for a review, see [63]). Because the stimuli set was devel-
oped in a distinct cultural context we also included a measure of target’s in-group belonging
(i.e., rating of the likelihood of the child being Portuguese). This measure can be of interest
given the evidence that the recognition accuracy of facial expressions is higher when there is a
match (vs. mismatch) between the cultural group of the expresser and of the perceiver (for
reviews, see [64,65]). This in-group advantage for emotion recognition was also found with
child participants when judging emotional expressions displayed by adults (e.g., [66]). More-
over, we also included a forced-choice expression recognition task to replicate the original vali-
dation study. The comparison of the accuracy scores obtained with our Portuguese sample
Subjective ratings and emotional recognition of children’s facial expressions
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with those produced by an American sample also informs about the cross-cultural validity of
the database.
Lastly, we will also examine if individual factors (e.g., sex of the participant, parental status)
impact emotion recognition and subjective ratings of the facial expressions. For example, it
was shown that parents of young children rated images portraying facial expressions of infants




The sample included 450 adult participants, from 18 to 71 years old (84.7% women; Mage =
32.34; SD = 10.76), of Portuguese nationality, who volunteered to participate in a web-survey.
Regarding their ethnic/cultural background, most participants reported being of Portuguese
ancestry (88.4%). The majority of participants were active workers (54.0%) or students
(33.6%), who attained a bachelor’s degree (37.8%) or had completed high-school (36.4%).
Regarding parental status, 43.8% of the participants were parents, and reported having up to
four children (M = 1.66, SD = 0.76), with ages varying between 1 and 40 years old (Mage = 9.93,
SD = 9.22).
Materials
Our stimuli set included 283 images selected from CAFE [1]. The original database comprises
color photographs of children posing in six basic emotional expressions (sadness, happiness,
anger, disgust, fear and surprise), plus a neutral expression. The models (N = 154, 58.4%
female) were heterogeneous in age (from 2 to 8 years old, Mage = 5.3) and ethnic background
(50% Caucasian/European American, 17.5% African American, 14.9% Latino, 10.4% Asian
and 7.1% South Asian). The models were prompted to display each of the emotions by the
photographer, who exemplified the intended expression. All models were covered from the
neck down with an off-white sheet. The final set of 1192 photographs corresponds to the num-
ber of poses deemed successful. The photographs are available in high resolution (2739 x 2739
pixels) and are standardized regarding background color (off-white), viewing distance and fig-
ure-ground composition.
The stimuli sub-set used in the current work was selected based on several criteria. First, we
took into consideration the accuracy of emotional categorization (i.e., “proportion of 100 adult
participants who correctly identified the emotion in the photograph”) reported in the original
validation. Only photographs depicting facial expressions correctly identified by more than
50% of the sample were selected (resulting in 891 images). Second, we selected models that
included photographs portraying neutral, happy and angry expressions (resulting in 455
images, 63 models). Third, we selected models that exhibited at least four different emotions
(besides the neutral expression). Whenever different versions of the same emotion were avail-
able for the same model (e.g., happiness displayed with open and closed mouth), we selected
the version that obtained the highest accuracy in the original database. Table 2 summarizes the
characteristics of the photographs included in our sub-set (N = 283, corresponding to 51 mod-
els: 28 female, Mage = 4.81; 23 male, Mage = 5.00).
Procedure
The study was reviewed and approved by the Ethics Committee of ISCTE-Instituto Universi-
tário de Lisboa. The study involved human data collection from adult volunteers. The study
Subjective ratings and emotional recognition of children’s facial expressions
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was noninvasive, no false information was provided, data were analyzed anonymously and
written informed consent was obtained. The use of CAFE stimuli was approved by the Ethics
Committee of ISCTE-Instituto Universitário de Lisboa and consent was obtained from Data-
brary via the signature of an Access Agreement. The parents/guardians of the children partici-
pating in the original CAFE study [2] signed a release giving permission for the use of their
data/image in scientific research.
Participants were invited (e.g., institutional email, social networking websites) to collabo-
rate on a web-survey aimed at testing materials for future studies. The hyperlink directed par-
ticipants to a secure webpage in Qualtrics. The opening page informed about the goals of the
study (evaluation of photographs of children displaying different facial expressions), its
expected duration (approximately 20 minutes), and ethical considerations (i.e., anonymity,
confidentiality and the possibility to withdraw from the study at any point). After agreeing to
collaborate in the study, participants were asked to evaluate each photograph considering their
overall perception of the child portrayed (i.e., familiarity, attractiveness, arousal and likelihood
of the child being Portuguese) as well as the facial expression displayed (i.e., valence, clarity,
genuineness and emotional intensity). All evaluations were made in 7-point rating scales (for
detailed instructions and scale anchors, see Table 3). In addition, participants were asked to
identify the facial expression by selecting the corresponding label (i.e., sadness, happiness,
anger, disgust, fear, surprise or neutral).
Participants were informed that there were no right or wrong answers. Instructions also
emphasized that the presentation order of the evaluative dimensions would vary across photo-
graphs. Before initiating the evaluation task, participants were required to indicate their
nationality (if other than Portuguese they were directed to the end of the survey), gender, cur-
rent occupation and education.
To prevent fatigue and demotivation, participants were asked to rate a subset of 20 photo-
graphs. These photographs were randomly selected from the 283 available to minimize any
systematic response bias deriving from the composition of the subsets. Each trial corresponded
to the evaluation of one photograph. Specifically, in a single page of the web-survey, the image
was presented at the center of the page with all the rating scales below it. The rating scales were
presented in a random order across trials. However, the facial expression identification task
(labeling) was always presented at the end of each trial. The seven emotional labels were also
presented in a random order across trials.











F M F M F M F M F M Total
Emotion
Anger 8 5 12 11 4 4 4 0 0 3 51
Neutral 8 5 12 11 4 4 4 0 0 3 51
Happiness 8 5 12 11 4 4 4 0 0 3 51
Disgust 6 4 8 10 4 3 3 0 0 2 40
Sadness 5 2 6 4 3 4 3 0 0 2 29
Fear 3 2 3 2 1 0 1 0 0 3 15
Surprise 8 5 11 10 3 4 2 0 0 3 46
Total 46 28 64 59 23 23 21 0 0 19 283
Note. F = Female model; M = Male model.
https://doi.org/10.1371/journal.pone.0209644.t002
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At the end of the 20 trials, participants were asked to report their cultural background (i.e.,
Portuguese of. . . “Portuguese ancestry”, “African ancestry”, “Brazilian ancestry”; “Ukrainian
ancestry” or “Other”), as well as their parenting status (parents were also asked to report the
number of children, as well as the age of each child). Finally, participants were asked if their
work entails regular contact with children, and if they have social contact with children other
than their own (both using the following scale anchors: 1 = No regular contact at all; 7 = Very
regular contact). Upon completion of the questionnaire, participants were thanked and
debriefed.
Results
Given that we only retained completed questionnaires for analyses (N = 450) there were no
missing cases. The preliminary analysis of the data showed no indication of systematic
responses (i.e., participant using the same value of the response scale across dimensions) and a
small percentage of outliers (1.02%—outliers were identified considering the criterion of 2.5
standard deviations above or below the mean evaluation of each stimulus in a given dimen-
sion). Therefore, no responses were excluded.
Below, we will present the analyses required to validate the stimulus set, as well as additional
analyses that are potentially useful for researchers interested in using the set:
1. Overall subjective ratings: We present the descriptive statistics of the subjective ratings for
the entire sample and compare ratings according to participants’ gender and parental sta-
tus. Additionally, we also examined the associations between evaluative dimensions and
examined the role of individual differences (e.g., age, frequency of contact with children in
social and work contexts) in these associations.
2. Impact of facial expression and model characteristics on subjective ratings: We compared
ratings across evaluative dimensions according to facial expression (i.e., sadness, happiness,
Table 3. Item wording and scale anchors for each dimension.
Dimension Instructions:
To what extent . . .
Scale Anchors
Model
1. Attractiveness . . . does this child look beautiful? 1 = Not very beautiful,
7 = Very beautiful
2. Arousal . . . does this child look calm or excited? 1 = Calm,
7 = Excited
3. Familiarity . . . does this child look familiar? 1 = Not familiar at all,
7 = Very familiar
4. In-group belonging . . . is it likely that this child is Portuguese? 1 = Certainly not
Portuguese,
7 = Certainly Portuguese
Expression
5. Clarity . . . is the expression displayed by the child clear? 1 = Very unclear,
7 = Very clear
6. Genuineness . . . is the expression displayed by the child genuine? 1 = Not genuine at all,
7 = Very genuine
7. Intensity . . . is the expression displayed by the child intense? 1 = Not intense at all,
7 = Very intense
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anger, disgust, fear, surprise or neutral), and model characteristics (i.e., sex and race/ethnic-
ity of the model);
3. Emotion recognition: We examined individual differences in overall accuracy. We also
examined the impact of the expression, as well as the influence of model characteristics, on
the accuracy of emotion recognition (mean % of hit rates);
4. Cross-cultural comparison: We compared the accuracy in emotion recognition between
the original and the current validation according to emotion type;
5. Frequency distribution: To facilitate the overall characterization of the stimuli in the set we
also present the frequency distribution of images across three levels (low, moderate and
high) of each evaluative dimension.
Each photograph was evaluated by a minimum of 31 and a maximum of 34 participants.
Normative and raw data files are available at https://osf.io/mjqfx/. Appendix A includes item
level data (i.e., descriptive results for the set of eight evaluative dimensions and accuracy rates
of emotion recognition. Each photograph is described (e.g., file name, model characteristics
and facial expression) according to the original CAFE database. Appendix B comprises norma-
tive data organized by participant (including socio-demographic information of the raters),
overall emotion accuracy rate, and ratings for each evaluative dimension according to facial
expression, and model’s characteristics (i.e., sex and race/ethnicity). Appendix C includes full
raw data.
Overall subjective ratings
We compared ratings across evaluative dimensions against the scale midpoint and tested for
gender and parental status differences considering the entire set of stimuli (see Table 4).
Overall, participants evaluated the photographs above the scale midpoint in attractiveness,
arousal, clarity, genuineness and intensity, and below the scale midpoint for in-group belong-
ing and valence, all ps� .001. Familiarity ratings did not differ from the scale midpoint, p =
.241. Regarding gender differences, results show that women provided higher attractiveness,
arousal, in-group belonging, and intensity ratings than men. Lastly, parents evaluated the sti-
muli as more familiar, more intense, and aroused than non-parents.












M SD M SD M SD t(449) p d M SD M SD t(448) p d
Familiarity 3.94 1.01 3.96 1.00 3.84 1.03 1.31 .191 0.12 3.79 1.02 4.14 0.96 3.64 < .001 0.34
Attractiveness 4.81� 0.89 4.89 0.86 4.39 0.91 5.98 < .001 0.56 4.75 0.89 4.90 0.89 1.78 .077 0.17
Arousal 4.25� 0.57 4.27 0.59 4.15 0.48 2.29 .023 0.22 4.30 0.54 4.19 0.61 -2.05 .041 0.19
In-Group 3.73� 0.67 3.79 0.67 3.41 0.62 6.25 < .001 0.59 3.70 0.62 3.77 0.74 1.11 .266 0.10
Valence 3.78� 0.53 3.79 0.52 3.71 0.58 1.67 .096 0.16 3.77 0.54 3.80 0.51 < 1 .550 0.06
Clarity 4.97� 0.72 4.97 0.73 4.98 0.71 < 1 .889 0.01 4.97 0.70 4.98 0.76 < 1 .914 0.01
Genuineness 4.82� 0.73 4.83 0.73 4.74 0.76 1.20 .233 0.11 4.78 0.70 4.87 0.77 1.31 .192 0.12
Intensity 4.88� 0.62 4.91 0.62 4.74 0.60 2.95 .003 0.28 4.83 0.59 4.95 0.65 1.98 .049 0.19
Note.
�Different from scale midpoint (i.e., 4).
Means and standard deviations are weighted to follow Portuguese male and female population effectives (weighting factors: Females = 0.617; Male = 3.123).
https://doi.org/10.1371/journal.pone.0209644.t004
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The correlations between evaluative dimensions are described in Table 5. Taking the
strength of the correlation as criteria [67], we report correlations that were at least weak (i.e.,
r� .20). Results showed that clarity was strongly and positively associated with both genuine-
ness and with intensity, such that facial expressions rated as clearer were also perceived as
more genuine and intense. We also found a strong and positive association between genuine-
ness and intensity. Familiarity ratings showed a moderate positive correlation with in-group
belonging (i.e., models rated as more familiar were also perceived as more likely to be Portu-
guese). We also found the same type of correlation between intensity and arousal (i.e., children
displaying more intense expressions were also perceived as more aroused). Attractiveness rat-
ings were only weakly and positively associated with the remaining evaluative dimensions, as
were the associations between arousal and clarity and genuineness, and between genuineness
and familiarity and valence.
Frequency of contact with children in a work context was weakly and positively correlated
with frequency of contact in a social context, and both variables were also weakly associated
with participants’ age. Note that overall the associations between these variables and the sub-
jective ratings were non-significant or very weak (i.e., associations between each of these vari-
ables and familiarity, as well between frequency of work and social contact and attractiveness).
Impact of facial expression and model characteristics on subjective ratings
We computed mean ratings for each of the 283 stimuli across the eight evaluative dimensions
and conducted three separate univariate ANOVAs to examine the influence of facial expres-
sion, the sex and race/ethnicity of the model on each variable (post-hoc comparisons were
conducted with Bonferroni correction and only the extreme values will be presented). Descrip-
tive results (means and standard deviations) are summarized in Table 6.
Familiarity. Familiarity ratings varied according to the type of facial expression, F(1,6) =
7.53, MSE = 1.27, p< .001, ηp2 = .14. Photographs displaying surprise obtained the highest
familiarity ratings, all ps� .008 (but not different from sadness, p = .053, fear, p = .617 and
happiness, p = 1.000), and neutral photographs obtained the lowest familiarity ratings, all ps<
.001 (but not different from anger, disgust, fear and sadness, all ps = 1.000).
Table 5. Correlations.
1 2 3 4 5 6 7 8 9 10
1. Familiarity -
2. Attractiveness .30��� -
3. Arousal .06 .20��� -
4. In-group .49��� .30��� .09 -
5. Valence .18��� .20��� .02 .18��� -
6. Clarity .19��� .28��� .23��� .07 .16��� -
7. Genuineness .27��� .38��� .24��� .11� .22��� .66��� -
8. Intensity .19��� .33��� .40��� .11� .12�� .69��� .64��� -
9. Contact: Work .19��� .10� .02 .08 .01 .03 -.01 .05 -
10. Contact: Social .11� .18��� -.05 .08 .09 -.01 .05 .01 .38��� -
11. Age .17��� 0.04 -.09 .02 .04 .03 .08 .12� .27��� .24���
��� p � .001;
�� p � .010;
� p � .050
https://doi.org/10.1371/journal.pone.0209644.t005
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Familiarity ratings did not vary according to model’s sex, F(1,281) = 1.76, MSE = 0.31, p =
.186, ηp
2 = .01, or race/ethnicity, F(4,278) = 1.57, MSE = 0.28, p = .182, ηp2 = .02.
Attractiveness. Attractiveness ratings also varied according to facial expression, F(1,6) =
6.69, MSE = 1.49, p< .001, ηp2 = .13. Photographs displaying happiness obtained the highest
attractiveness ratings, all ps� .019 (but not different from fear, neutral and surprise, all
ps = 1.000), and those displaying disgust obtained the lowest attractiveness ratings, all ps�
.002 (but not different from anger, fear, neutral and sadness, all ps > .099).
Attractiveness ratings did not vary according to the sex of the model, F(1,281) = 2.61,
MSE = 0.65, p = .107, ηp2 = .01. However, results show the impact of model’s race/ethnicity on
attractiveness ratings, F(4,278) = 7.96, MSE = 1.80, p< .001, ηp2 = .10. Specifically, African-
American models obtained the highest attractiveness ratings, all ps� .007 (but not different
from Asian and European, both ps = 1.000) and South Asian models obtained the lowest
attractiveness ratings, all ps< .001 (but not different from Asian, p = .216, and Latino, p =
.602).
Arousal. Arousal ratings varied according to facial expression, F(1,6) = 136.66,
MSE = 36.13, p< .001, ηp2 = .75. Specifically, we observed that models displaying anger were
perceived as more aroused, all ps� .001 (but not different from surprise, p = .214), and that
those with neutral expressions obtained the lowest arousal ratings, all ps < .001.
Arousal ratings did not vary according to the sex, F< 1, or the model’s race/ethnicity,
F< 1.
In-group belonging. Ratings regarding the likelihood of the model being Portuguese did
not vary according to the emotion displayed, the sex or the model’s race/ethnicity, all F< 1.
Valence. Valence ratings varied according to facial expression, F(1,6) = 311.80, MSE =
87.94, p< .001, ηp2 = .87, such that photographs displaying happiness were rated as the most
positive, all ps< .001, and that photographs displaying anger were rated as the most negative,
all ps� .002 (but not different from sadness, p = 1.000).
Table 6. Hit rates (%) and subjective ratings according to emotion, sex of the model and model’s race/ethnicity.
Hit Rate (%) Familiarity Attractiveness Arousal In-group Valence Clarity Genuineness Intensity
M SD M SD M SD M SD M SD M SD M SD M SD M SD N
Emotion
Anger 78.74 16.35 3.85 0.37 4.61 0.46 5.26 0.54 3.76 0.59 2.29 0.37 5.26 0.56 4.62 0.51 5.68 0.54 51
Disgust 69.46 21.33 3.86 0.38 4.60 0.44 4.54 0.50 3.76 0.64 2.91 0.55 4.84 0.62 4.71 0.51 5.09 0.50 40
Fear 58.43 15.89 3.91 0.40 4.81 0.42 4.62 0.46 3.72 0.72 2.92 0.36 5.06 0.53 4.97 0.33 5.30 0.45 15
Happiness 89.01 13.82 4.14 0.44 5.03 0.52 4.07 0.56 3.72 0.56 5.99 0.45 5.47 0.59 5.18 0.66 4.93 0.63 51
Neutral 74.80 17.96 3.75 0.40 4.88 0.50 2.67 0.32 3.60 0.64 3.73 0.50 3.93 0.38 4.83 0.31 3.37 0.48 51
Sadness 70.10 22.73 3.88 0.37 4.67 0.44 3.79 0.45 3.77 0.58 2.36 0.33 4.87 0.71 4.26 0.77 4.68 0.60 29
Surprise 79.87 16.59 4.17 0.39 4.99 0.45 4.99 0.64 3.83 0.57 4.98 0.84 5.41 0.50 5.00 0.60 5.44 0.55 46
Model Sex
Female 75.57 18.82 3.97 0.41 4.85 0.51 4.20 1.02 3.75 0.54 3.69 1.46 4.95 0.74 4.82 0.60 4.88 0.93 154
Male 78.25 19.65 3.91 0.43 4.76 0.48 4.31 1.01 3.72 0.67 3.88 1.47 5.00 0.80 4.80 0.63 4.89 0.97 129
Model Race/Ethnicity
African 77.40 15.62 4.03 0.36 4.93 0.41 4.26 1.02 3.69 0.40 3.92 1.51 4.99 0.77 4.92 0.69 4.91 0.99 74
Asian 73.51 18.34 4.01 0.44 4.74 0.32 4.31 1.00 3.84 1.08 3.67 1.37 5.02 0.80 4.83 0.64 4.93 1.10 19
European 78.12 20.22 3.91 0.44 4.89 0.56 4.29 1.02 3.69 0.56 3.75 1.47 5.04 0.72 4.79 0.53 4.91 0.94 123
Latino 75.06 20.94 3.91 0.42 4.63 0.39 4.18 1.06 3.86 0.64 3.84 1.46 4.81 0.89 4.76 0.70 4.80 0.92 46
South Asian 73.65 22.22 3.83 0.48 4.39 0.45 4.10 0.97 3.77 0.74 3.42 1.41 4.83 0.72 4.69 0.46 4.83 0.81 21
Total 76.79 19.22 3.94 0.42 4.81 0.50 4.25 1.01 3.73 0.60 3.78 1.47 4.97 0.77 4.81 0.61 4.89 0.94 283
https://doi.org/10.1371/journal.pone.0209644.t006
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Valence ratings did not vary according to the sex, F(1,281) = 1.22, MSE = 2.61, p = .271,
ηp
2 = .00, or the model’s race/ethnicity, F< 1.
Clarity. Clarity ratings varied according to the facial expression, F(1,6) = 44.64,
MSE = 13.62, p< .001, ηp2 = .49. Specifically, happiness was perceived as the clearest expres-
sion, all ps< .001 (but not different from fear, p = .258, anger and surprise, both ps = 1.000),
and neutral photographs were rated as the least clear, all ps < .001.
Clarity ratings did not vary according to the sex of the model or its race/ethnicity, both
F< 1.
Genuineness. Genuineness ratings varied according to facial expression, F(1,6) = 11.09,
MSE = 3.38, p< .001, ηp2 = .19, with photographs displaying happiness perceived as the most
genuine, all ps� .031 (but not different from fear and surprise, both ps = 1.000), and photo-
graphs displaying sadness rated as the least genuine, all ps� .016 (but not different from
anger, p = .112).
Genuineness ratings did not vary according to the sex of the model, or its race/ethnicity,
both F< 1.
Intensity. Intensity ratings varied according to facial expression, F(1,6) = 94.94,
MSE = 28.19, p< .001, ηp2 = .67, with photographs displaying anger perceived as the most
intense, all ps< .001 (but not different from fear, p = .354 and surprise, p = .623), and neutral
photographs rated as the least intense, all ps< .001.
Intensity ratings did not vary according to the sex or race/ethnicity of the model, both
F< 1.
Overall, we observed differences across subjective ratings according to the type of emo-
tional expression, but not according to the characteristics (sex, race/ethnicity) of the models.
Facial expression recognition
Hit scores (%) were obtained for each stimulus by calculating the percentage of participants
that correctly recognized the intended expression based on the number of participants that
evaluated a given photograph.
Results showed that the mean accuracy rate across the full set of 283 photographs was
76.8%. No differences were found according to the sex of the rater—women (M = 77.01%,
SD = 12.69) and men (M = 75.51%, SD = 11.10), t(449) = 1.33, p = .184, d = 0.13. Surprisingly,
participants without children (M = 78.77%, SD = 11.51) were more accurate than those with
children (M = 74.21%, SD = 13.17), t(448) = 3.92, p< .001, d = 0.37. However, when examin-
ing the accuracy levels of those who reported having younger children (i.e., up to 8 years old—
the maximum age of the models), parents with at least one young child were significantly
more accurate (M = 76.64%, SD = 11.62) than parents with older children (M = 69.59%,
SD = 15.53), t(187) = 3.49, p = .001, d = 0.51.
We also examined the influence of facial expression, and both sex and race/ethnicity of the
model by conducting three separate univariate ANOVAs (see Table 6). As expected, accuracy
varied according to the facial expression, F(1,6) = 8.94, MSE = 2824.85, p< .001, ηp2 = .16 (see
Table 6). Post-hoc comparisons with Bonferroni correction, showed that photographs display-
ing happiness obtained the highest accuracy rates, all ps� .001 (but not different from anger,
p = .080, and surprise, p = .252), and that photographs displaying fear obtained the lowest
accuracy rates, all ps� .040 (but not different from sadness, p = .839, and disgust, p = .869).
Accuracy rates did not vary according to the sex, F(1,281) = 1.37, MSE = 505.15, p = .243, ηp2 =
.01, or the model’s race/ethnicity, F< 1.
Again, we observed differences on accuracy rates according to the type of expression, but
not according to the models’ characteristics.
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Cross cultural comparison
To compare the mean accuracy rates observed in our sample (for the same sub-set of stimuli)
with those reported in the original validation study [2], we conducted a 2 (sample) x 7 (facial
expression) univariate ANOVA.
Results showed a main effect of sample, F(1,552) = 6.87, MSE = 1422.80, p = .009, ηp2 = .01,
such that the accuracy rates observed with the Portuguese sample (M = 74.3%, SE = .94) were
lower than the ones reported in the original validation sample (M = 77.8%, SE = .94). We also
observed a main effect of emotion, F(6,552) = 23.40, MSE = 4849.70, p< .001, ηp2 = .20, such
that photographs displaying happiness obtained the highest accuracy rates, all ps< .001, and
photographs displaying disgust obtained the lowest accuracy rates, all ps� .003 (but not differ-
ent from anger, p = .121, sadness and disgust, both ps = 1.000). Moreover, results showed an
interaction between sample and facial expression, F(6,552) = 4.03, MSE = 835.20, p = .001,
ηp
2 = .04 (see Fig 1).
As shown in Fig 1, the original validation (vs. Portuguese) obtained higher accuracy ratings
for neutral stimuli, t(552) = 4.05, p< .001, d = 0.34, as well as for those depicting sadness,
t(552) = 2.19, p = .029, d = 0.19. For surprise, higher accuracy was observed in the current vali-
dation, t(552) = -2.25, p = .025, d = 0.19. No differences between samples were observed for
the remaining expressions, all ps > .083.
Frequency distribution
We computed descriptive statistics (i.e., means, standard deviations and confidence intervals)
for each photograph per evaluative dimension (see https://osf.io/mjqfx/). According to the
confidence interval, each photograph was categorized as low (i.e., lower bound below scale
midpoint), moderate (confidence interval included the scale midpoint) or high (lower bound
above scale midpoint) on a given dimension (for a similar procedure, see [68–70]. For the
valence dimension, the low, moderate and high levels correspond to negative, neutral and
positive, respectively. Fig 2 represents the frequency distribution of photograph across
dimensions.
Fig 1. Comparison of mean accuracy rates (%) between samples by facial expression.
https://doi.org/10.1371/journal.pone.0209644.g001
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Regarding the evaluative dimensions concerning the model, results showed that most pho-
tographs were perceived as moderate in familiarity (79%) and in likelihood to belong to the in-
group (51%), and as high in attractiveness (75%). In the case of arousal, photographs were dis-
tributed across the three levels with the highest percentage of photographs evaluated as high in
arousal. Regarding the dimensions related to the evaluation of the expression, most photo-
graphs were perceived as high in intensity (70%), genuineness (67%) and clarity (67%), and
also as negative (53%).
Discussion
Databases of children’s facial expressions have been used in a myriad of research domains,
such as emotion detection and recognition, social cognition (e.g., impression formation, ste-
reotypes), cognitive psychology (e.g., attention bias), with samples of normative or non-nor-
mative (e.g., psychiatric disorders) children or adults (parents or non-parents).
In this work, we provide further validation for a sub-set of one of the most comprehensive
databases of facial expressions depicting children—the CAFE [2]. This sub- set (283 photo-
graphs) is varied regarding the characteristics of the model, as it includes stimuli depicting
boys and girls of heterogeneous race/ethnicity. It is also varied in the range of expressions
depicted (i.e., sadness, happiness, anger, disgust, fear, surprise, neutral). Moreover, one of the
primary criteria for selecting stimuli for the current validation was to select models that exhib-
ited at least four different emotions (51 models)—with angry, neutral and happy expressions
mandatory. Angry and happy faces have been used to activate negative versus positive valence
(e.g., [71]), or as exemplars of socially aversive versus appetitive stimuli (e.g., [72]). The avail-
ability of neutral expression for all the models is also of particular interest, as these stimuli may
serve as baseline in several experimental paradigms (e.g., affective priming, approach-avoid-
ance tasks), or as the target stimuli in impression formation tasks (e.g., [73]). Besides assessing
emotion recognition accuracy (as in the original validation), we also asked participants to eval-
uate each stimulus in eight subjective dimensions focusing on the characteristics of the model
or of the expression depicted.
Based on the overall mean ratings, the facial expressions were rated as high in clarity, genu-
ineness and intensity, and the models were perceived as high in attractiveness and arousal, as
moderately familiar and as low in their likelihood of in-group belonging. Overall valence
Fig 2. Distribution of photographs across each dimension level.
https://doi.org/10.1371/journal.pone.0209644.g002
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ratings were negative, which is not surprising considering the range of facial expressions
included (i.e., fear, sadness, anger and disgust vs. happiness, surprise and neutral). Differences
according to the sex of the rater were only found for a few dimensions, such that woman (vs.
men) evaluated the models as more attractive, aroused and as more likely to belong to the in-
group, and the expressions as more intense. Parental status also impacted mean ratings, such
that parents (vs. non-parents) evaluated the models as more familiar and less aroused, and the
expressions as more intense.
The overall accuracy in emotion recognition was satisfactory (77%) and did not vary
according to the sex of the rater. This finding contrasts with the results from the original vali-
dation CAFE validation (i.e., higher accuracy rates for female respondents), but is in line with
the results obtained in other validations of children’s photos (e.g., [49]). Parental status did
impact overall accuracy, but in the reverse direction: overall non-parents were actually more
accurate than parents. However, parents of younger children (up to 8 years old, as the models
included in our sub-set) were more accurate than those with older children. Previous studies
that examined parental status have also failed to demonstrate a general advantage of parents in
children’s emotion recognition (e.g., [49]). In turn, differences regarding parental status seem
to be found only in interaction with other variables, such as sex and type of facial expression
[26]. Finally, the overall ratings were not strongly associated with the frequency of contact
with children (both in work and social contexts).
Accuracy also varied according to the facial expression, with the highest accuracy rate
obtained for happy faces (although not statistically different from anger and surprise). Indeed,
studies have consistently shown an advantage in the recognition speed and/or accuracy of
happy faces in comparison to other basic emotional categories (for a review, see [74]). The
accuracy of emotion recognition was independent of the models’ characteristics such as sex or
race/ethnicity, replicating the original CAFE validation. Finally, the comparison of the results
of the emotional recognition measure between our sample and the original validation for the
same sub-set of stimuli, showed that overall, the accuracy rates of the Portuguese sample were
lower. However, this difference was inferior to 4% and was due to higher recognition rates for
neutral and sad faces in the original sample. Indeed, the accuracy rates for faces depicting sur-
prise were higher in the Portuguese sample, whereas no cross-cultural differences were
detected for the other facial expressions.
Overall, we found positive correlations between most evaluative dimensions (e.g., clarity
was strongly and positively associated with genuineness and with intensity and the latter
dimensions were also strongly associated). Importantly, the impact of facial expression was
found for all dimensions (except judgments of in-group belonging). For example, happy faces
were perceived as the most attractive, positive, clear and genuine, whereas angry faces were
rated as the most aroused and intense. The characteristics of the models (i.e., sex, race/ethnic-
ity) did not impact these ratings. Indeed, the only effect regarding race/ethnicity detected was
for the attractiveness dimension, with African models rated as the most attractive (along with
Asian and European models).
The CAFE database is suitable to be used with adult participants (e.g., to study how norma-
tive and non-normative samples differ regarding emotion recognition of child facial expres-
sions). Moreover, this database is particularly useful in research conducted with samples of
children as it allows for the use of peer-aged stimuli. Yet, the generalization of the current
norms to children should be made cautiously. Although no differences between child and
adult raters have been reported regarding emotion recognition performance [55], that might
not be the case for some of the subjective dimensions. For example, a recent study showed that
although ratings of valence and arousal produced by adults and children regarding facial
expressions depicted by adult models were correlated, some differences emerged according to
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the raters’ age group (e.g., children rated all expressions more positively [75]). The replication
of the current validation procedure with children is recommended.
In sum, the current CAFE sub-set is diverse regarding the objective characteristics of the
models and the range of facial expressions depicted. Note however, that this sub-set is limited
regarding certain emotional expressions (e.g., photographs of fear expression are only available
for 15 models). Another limitation is that the several model characteristics (race/ethnicity, sex
and emotional expression) are not fully balanced (e.g., South Asian models are all females and
Asian models are all males). This imbalance derives both from the distribution of exemplars
across all categories in the original database and from the criteria used to select the subset for
the current study. Also, the choice is limited for researchers interested in ambiguous facial
expressions, as only 35 photographs show recognition rates below 50%. We expanded the orig-
inal database by assessing an extensive set of evaluative dimensions. Most stimuli were rated as
depicting genuine, clear and intense facial expressions. Also, regarding the evaluation of the
models, most stimuli were evaluated as portraying familiar and attractive children. Results
from the in-group belonging measure suggest the applicability of this set across different cul-
tural backgrounds. For example, Portuguese participants indicated that most pictures (63%)
depicted models with a moderate or high likelihood of belonging to their in-group. For valence
and arousal dimensions, the stimuli are more equally distributed across the three levels of the
dimensions. Hence, numerous exemplars of each level can be selected for future research. This
normative data allows researchers to select adequate stimuli according to different criteria, for
example manipulating the dimensions of interest (e.g., type of expression), while controlling
for other variables (e.g., model characteristics).
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43. Nojavanasghari B, Baltrušaitis T, Hughes CE, Morency L-P. EmoReact: A multimodal approach and
dataset for recognizing emotional responses in children. Proceedings of the 18th ACM International
Conference on Multimodal Interaction. New York, NY, USA: ACM; 2016. pp. 137–144.
44. Langner O, Dotsch R, Bijlstra G, Wigboldus DHJ, Hawk ST, van Knippenberg A. Presentation and vali-
dation of the Radboud Faces Database. Cogn Emot. 2010; 24: 1377–1388. https://doi.org/10.1080/
02699930903485076
45. Egger HL, Pine DS, Nelson E, Leibenluft E, Ernst M, Towbin KE, et al. The NIMH Child Emotional
Faces Picture Set (NIMH-ChEFS): A new set of children’s facial emotion stimuli. Int J Methods Psy-
chiatr Res. 2011; 20: 145–156. https://doi.org/10.1002/mpr.343 PMID: 22547297
46. Dalrymple KA, Gomez J, Duchaine B. The Dartmouth Database of Children’s Faces: Acquisition and
validation of a new face stimulus set. PLOS ONE. 2013; 8: e79131. https://doi.org/10.1371/journal.
pone.0079131 PMID: 24244434
Subjective ratings and emotional recognition of children’s facial expressions
PLOS ONE | https://doi.org/10.1371/journal.pone.0209644 December 27, 2018 19 / 21
47. Romani-Sponchiado A, Sanvicente-Vieira B, Mottin C, Hertzog-Fonini D, Arteche A. Child Emotions
Picture Set (CEPS): Development of a database of children’s emotional expressions. Psychol Neurosci.
2015; 8: 467–478. https://doi.org/10.1037/h0101430
48. Sacco AM, de Paula Couto MCP, Koller SH. Construction and validation of the White, Pardo, and Black
Children Picture Set (BIC-Multicolor). Psychol Neurosci. 2016; 9: 68–78. https://doi.org/10.1037/
pne0000040
49. Maack JK, Bohne A, Nordahl D, Livsdatter L, Lindahl ÅAW,Øvervoll M, et al. The Tromso Infant Faces
Database (TIF): Development, validation and application to assess parenting experience on clarity and
intensity ratings. Front Psychol. 2017; 8. https://doi.org/10.3389/fpsyg.2017.00409 PMID: 28392772
50. Novello B, Renner A, Maurer G, Musse S, Arteche A. Development of the Youth Emotion Picture Set.
Perception. 2018; 47: 1029–1042. https://doi.org/10.1177/0301006618797226 PMID: 30223717
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